INTRODUCTION
Preterm birth is the main cause of neonatal mortality in the US, 1 and the neuro developmental disabilities of the prematurely born have been well described for over 40 years. Converging data, however, suggest recovery from injury sustained in the developing brain. Numerous MRI studies have explored the struc tural, volumetric and microstructural sequelae of preterm birth. In spite of these predictors of adverse outcome, several recent studies docu ment improvements in testing scores and school performance over time in the prematurely born. [2] [3] [4] [5] Functional MRI (fMRI), which assesses neural processing, has been less well studied than other imaging strategies in the preterm population, and it has the potential to offer important insights into the neurobiological mechanisms that support brain development in the prematurely born.
In this Review, we describe fMRI studies of preterm children and matched control individuals to compare the development of neural systems across time in these groups and to consider the variables that might influence the interpreta tion of fMRI signal changes in the prematurely born. fMRI studies of preterm children ranging in age from 33 weeks' postmenstrual age (PMA) through to young adulthood are included in this Review, and fMRI paradigms include not only visual, auditory and motor stimulation, but also studies of language and memory processing in the developing brain.
SEQUELAE OF PRETERM BIRTH
Prematurely born infants are at high risk of brain injury. Between 15% and 25% experience intra ventricular hemorrhage, and 7-12% have paren chymal involvement of hemorrhage. Perhaps more importantly, as many as 80% have diffuse excessive high signal intensity within the white matter in the newborn period. 6-9 All of these events have the potential to disrupt the geneti cally programmed pattern of brain development and subsequent cognition in the preterm brain.
Functional MRI (fMRI) might provide important insights into emerging data that suggest that recovery from injury can occur in the brains of children born prematurely. Strategies employing auditory stimulation demonstrate blood-oxygen-level-dependent (BOLD) activation in preterm infants as young as 33 weeks' gestational age, and reliable BOLD signal in response to visual stimulation occurs at term-equivalent age. Strategies based on fMRI are particularly suited to the study of language and memory, and emerging data are likely to provide insights into perplexing reports that have demonstrated improving cognitive scores but persistent volumetric and microstructural changes in frontotemporal language systems in the prematurely born. Even when sex, gestational age and early medical and environmental interventions are taken into account, fMRI data from several investigators suggest the engagement of alternative neural networks for language and memory in the developing preterm brain. In parallel with reports of cognitive and func tional recovery in preclinical studies of injury to the developing brain, 10-14 several authors have suggested recovery from cognitive impairments associated with preterm birth. 2, 15 Others have reported a reduction in memory deficits 16 and significant improvement in academic perfor mance at adolescence in children born preterm who have undergone serial testing beginning at school age. 4, 17 Finally, Hack et al. found that almost threequarters of a cohort with extremely low birth weight (ELBW) had graduated from high school and 40% were enrolled in a college program, 3 and Saigal et al. noted no significant differences in education or employment vari ables in 166 ELBW individuals and 145 matched controls at ages 22-25 years, suggesting that the majority of ELBW children had recovered from those injuries associated with preterm birth. 18 
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vOLUMETRIC IMAGING AND MICROSTRUCTURAL ANALYSES
Several studies have demonstrated that preterm children have relatively small brain volumes at adolescence and beyond, and lower cortical gray matter, cortical white matter, deep gray matter and cerebellar volumes have been reported in preterm individuals compared with term controls. [19] [20] [21] [22] In addition, several authors have commented on the regional vulnerability of the preterm brain, and studies of preterm indi viduals ranging from school age to young adult hood have reported both gray and white matter changes in the frontotemporal and hippocampal regions bilaterally. [23] [24] [25] [26] The left temporal region is more markedly affected than the right, and preterm males are more likely to experience both decreases in volume and abnormalities of gyrification in the temporal lobes when compared with preterm females. 20,22,27 By contrast, Kesler et al. reported disproportionately enlarged frontal gray matter in preterm children compared with term controls at 8 years of age. 26 Diffusiontensor imaging (DTI) permits the investigation of microstructural white matter alterations in the developing brain through measures such as fractional anisotropy (FA), which describes the degree to which water diffu sion is directionally restricted. 28 35 Finally, decreases in hippocampal volumes have been shown to correlate with memory deficits in adolescents who were born prematurely. 27 
FUNCTIONAL IMAGING
The fMRI approach has the potential to inform scientists and clinicians alike about neural systems in the developing brain. This technique exploits the different magnetic properties of deoxygenated and oxygenated blood, making it sensitive to relative changes in the concentra tions of oxyhemoglobin and deoxyhemoglobin that occur in response to neuronal activity. As Fox and Raichle demonstrated with PET over 20 years ago, 36 neuronal activation leads to an increase in tissue oxygenation over and above the increase in oxygen demand. This physiological response is exploited in fMRI, and is referred to as bloodoxygenationleveldependent (BOLD) contrast.
Signal intensity changes related to relative blood oxygenation levels provide only an indi rect measure of neuronal activity. A study by Logothetis et al. using simultaneous intracortical MENt AND cONStAbLE OctObER 2007 vOL 3 NO 10 www.nature.com/clinicalpractice/neuro recordings of neural signals and fMRI demon strated that the BOLD response is closely related to local field potentials, reflecting input and intracortical processing for a given cortical region rather than spike output. 37 Other indirect indices of neuronal activity include magnetic resonance measures of cerebral blood flow and cerebral blood volume. 38, 39 Measurements of cerebral blood flow and oxygenation can be combined in a calibrated BOLD experiment, providing a measure that reflects the cerebral rate of metabolic oxygen consumption. 40 fMRI experiments detect relative changes in signal intensity between two different condi tions. Only brain regions that are differently involved in the two conditions will demonstrate signal change on subtraction. Consequently, regions that are equally active in both condi tions and regions that are not involved in either condition will not appear in difference maps. Furthermore, although fMRI shows regions that are differentially involved in a task, it does not indicate whether or not these regions are critical to task performance.
Functional MRI studies assess sensory modalities in the prematurely born
In view of the fact that fMRI offers the possi bility of understanding the impact of injury on developing neural systems, several investigators have employed this technique to study sensory development in preterm infants ( 43 The central processing of auditory information is critical to the synthesis of language systems in the developing brain, and we detected reliable fMRI auditory activation in infants ranging from 33 to 47 weeks' PMA. 44 We found little relation ship between PMA and signs of auditory activa tion within the age range studied. By contrast, the response of the visual cortex consistently seems to reverse during infancy. In the study by Born et al., infants older than 50 weeks' PMA predomi nantly showed negative activation in the visual cortex, infants aged between 40 and 50 weeks' PMA demonstrated mostly positive activation, and those aged 40 weeks' PMA or less had no measurable response. 41, 42 Erberich et al. recently used fMRI to study cortical BOLD signal induced by passive exten sion and flexion of the hand in 24 preterm and term infants; a group of 6 term infants aged 3-9 months served as controls. 45 In contrast to the contralateral localization of BOLD response found in the older control infants, BOLD signal in response to unilateral stimulation was found in the somatosensory areas in the precentral and postcentral gyri of both hemispheres of the neonatal group at termequivalent age. These results suggest that the neural and vascular components of the auditory cortex respond to sensory stimulation at an earlier age than does the visual system. In addition, there might be a critical period during the development of the sensori motor system in the developing brain, such that refinement of the sensorimotor pathways most probably occurs in the postneonatal period.
Language studies
Initially employed to study sensorimotor tasks such as those described above, fMRI strategies were quickly developed for the study of language systems in children and adults. As shown in Table 2 , language can be divided into three component parts: phonology, semantics and orthography. Phonology involves breaking the written or auditory word into component parts, or phonemes, and is thought to be central to all language functions. Semantics, or the 'under standing' of words, is a higherlevel cerebral skill. Orthography describes those functions required for reading the written word.
Although language systems are tradition ally thought to encompass the classical Broca's and Wernicke's regions in the left frontal and temporal lobes, respectively, fMRI studies have demonstrated activation of a number of different language systems in both the left and right hemi spheres in typically developing righthanded adults and children, depending on the task and presentation modality employed (Table 2) .
Furthermore, the development of the phono logical and semantic systems seems to depend on both age and environment, suggesting plasticity for language in the developing brain.
MRI studies evaluating the cerebral structural sequelae of preterm birth have consistently reported alterations in the regions subserving language, but the functional organization of auditory processing and language in prematurely born children is only just beginning to be explored (Table 3 ). Preterm individuals have been shown to have CC thinning, 25,35 and Santhouse tested the hypothesis that CC abnormalities might have functional significance. 46 Three groups of individuals aged 18-20 years matched for handedness and intelligence were examined: preterm individuals with CC thinning, preterm individuals with normal CC volumes, and term controls. In response to an fMRI auditory paradigm designed to require callosal transfer of information, preterm individuals with CC thinning showed greater activation in the right superior temporal gyrus than did either group of controls. In view of the fact that the CC thin ning group performed timbre and bilateral field comparison tasks significantly less well than did the two control groups, Santhouse proposed that this group of preterm subjects had developed alternative neural strategies to compensate for the (presumably) perinatal structural damage. To further support this hypothesis, in an analogous visual stimulation task administered to the same three groups, the preterm individuals with CC thinning had additional BOLD signal in the right dorsolateral prefrontal cortex, possibly because the task was accomplished by storing information in working memory. Phonological processing abilities are critical for the acquisition of both reading and spelling skills, and impairments in phonological processing have been repeatedly shown to contribute to the need for special educa tional services at school age. 47 Peterson et al. compared brain activity associated with phono logical and semantic processing by use of a passive listening task in preterm individuals and term controls at 8 years of age (Table 3) . 48 During phonological processing, term controls showed deactivation of extensive regions of the prefrontal cortex including Brodmann's areas 10, 46 and 47, as well as exhibiting negative BOLD signal in the ventral anterior cingulum. During semantic activation, the term controls had bilateral positive BOLD signal in both the inferior frontal gyri (Broca's region) and the superior temporal gyri (Wernicke's region). By contrast, the pattern of brain activity iden tified in the semantic processing task for the preterm children closely resembled that iden tified in the phonological task in the term controls, suggesting aberrant processing of language for the preterm group. The greater this resemblance, the lower the verbal comprehen sion IQ scores of the preterm children and the poorer their language comprehension during the scanning task.
Language scores of preterm children have been shown to improve over time, so our group used the same passive listening task to test the hypothesis that individuals who were born prematurely would develop alternative systems for processing language. 5, 49 In contrast to our report of children at 8 years of age, we studied only preterm children who had no known ultra sonographic evidence of neonatal brain injury and had normal ventricular size at 12 years of age. Although there were significant differ ences in semantic processing scores between the preterm and control children, there were no significant differences in the phonology scores between the study groups. Preterm and term children demonstrated similar BOLD patterns during semantic processing, but the term individuals had significantly greater signal change, both positive and negative, than did the preterm individuals.
During phonological processing, preterm study participants exhibited strongly posi tive BOLD signals in the left parahippocampal gyrus, the posterior cingulate gyrus, the right anterior middle temporal gyrus, and the region encompassing the left middle temporal gyrus and superior temporal gyrus. By contrast, a negative BOLD signal was found in these four regions in the term controls, even when the data were adjusted for verbal IQ and age at scan. These data indicate that children born prematurely engage different networks for phonological processing yet have no differences in phono logical testing scores compared with matched term children at 12 years of age.
Rushe et al. examined phonological processing in 14yearold preterm children, 50 testing the hypothesis that children with evidence of CC thinning would display incomplete lateral ization of language function to the left hemi sphere. Performing a nonword rhyme task, the preterm group showed significantly reduced BOLD response in the left peristriate cortex, left cerebellum and right precuneus compared with term controls, despite there being no difference in task performance scores between the two groups. In addition, the preterm indi viduals exhibited significantly increased activa tion in the right precentral gyrus and superior frontal cortex, suggesting the development of compensatory systems, or 'hyperfrontality', in the preterm brain.
During orthographic processing, the preterm group showed significantly less BOLD response in the left precuneus and peristriate cortex than did the term controls. The peristriate cortex has been termed the 'visual word form (VWF) system' , and is believed by many to be critical to the successful development of reading skills. 47 Reduced BOLD signal in this region might occur as a result of an inefficient VWF system and the adoption of an alternative neural strategy for language by preterm children to keep their performance commensurate with that of controls.
Effects of hippocampal damage on functional MRI regional activations
The hippocampus plays a crucial role in memory. Deficits in longterm memory have been demonstrated in preterm individuals, and several fMRI studies have examined the impact of preterm birth on memory in the devel oping brain. Maguire et al. studied the effects of bilateral hippocampal damage attributed to perinatal events on memory systems in a single verylowbirthweight young adult with memory deficits relative to six term adult controls (Table 3) . 51 Group data for memory tasks MENt AND cONStAbLE OctObER 2007 vOL 3 NO 10 www.nature.com/clinicalpractice/neuro demonstrated BOLD signal changes in a predominantly medial and leftlateralized network consisting of medial frontal cortex, temporal pole, hippocampus, anterior middle temporal gyrus, parahippocampal gyrus, retro splenial cortex and temporoparietal junction. The verylowbirthweight preterm individual demonstrated increased activation in the hippo campal regions and medial frontal cortices bilaterally compared with controls. Furthermore, in contrast to controls, this individual activated many homologous regions in the right hemi sphere, including the right anterior middle temporal gyrus, right temporoparietal junction and right inferior frontal gyrus.
More recently, Gimenez et al. mapped hippo campal activation during a novel face-name pair memory task in preterm and matched term controls aged 12-18 years. 52 Notably, outofmagnet testing showed that the preterm individuals performed significantly less well in measures of free recall and recognition and had significantly lower scores on measures of visual memory than did the controls. During encoding of the word-face association, preterm children exhibited greater activity in the right hippo campus than did term controls. In addition, there was a positive correlation in the preterm group between right hippocampal activation and face-name recognition. Volumetric analyses of the study children showed significant left hippocampal volume loss in the preterm group, and the functional data correlated with the structural data; that is, right hippocampal activation positively correlated with right hippocampal volume.
Curtis et al. also employed fMRI strategies to assess memoryinduced activation in the caudate-hippocampal-prefrontal cortical system in preterm children and matched controls aged 12-16 years. 16 There were no significant differ ences with respect to inmagnet behavioral data for the two groups, suggesting that memory function for the preterm children was statisti cally equivalent to that of controls. Although the groups did not differ in activation of the hippo campus during any of the memory tasks, caudate BOLD signals were significantly different for the two groups. During the encoding phase of the memory tasks, the preterm group showed greater activation in the right caudate than did the controls, suggesting that prematurely born individuals recruit bilateral regions during memory retrieval.
Functional MRI tasks assessing attention and executive function in preterm children
Preterm children are at high risk for atten tional and behavioral disorders at school age, and both attention and response inhibition are critical to executive function and subsequently to academic success. Carmody et al. studied preterm individuals aged 15-16 years with no evidence of neonatal intraventricular hemor rhage to test the hypothesis that the fMRI BOLD responses of preterm children would correlate with performance on outofmagnet attention tasks (Table 3) . 53 fMRI analyses showed frontal, temporal and parietal activation during an atten tion task, with greater activation of the left supe rior temporal and left supramarginal gyri being associated with better performance.
Nosarti et al. tested response inhibition in 16 yearold preterm males and matched controls and found that, despite good task performance, preterm individuals demonstrated different BOLD responses in selective brain areas. 54 In this test of executive function, the preterm group demonstrated decreased BOLD signal in the cerebellum, right caudate and thalamus and left inferior frontal gyrus and anterior cingulum relative to term controls. Preterm children also showed increased BOLD signal in the right middle frontal gyrus, middle temporal gyrus and superior temporal gyrus compared with term controls. Such neural activation might underline the use of alternative strategies when preterm individuals are challenged with response inhibition processing.
CHALLENGES IN FUNCTIONAL MRI METHODOLOGY
fMRI represents an important tool for the noninvasive assessment of brain development in the preterm population. Unlike other MRI modalities, however, fMRI presents special chal lenges, both for those who perform the studies and for those who interpret the data.
Imaging the newborn brain
Rivkin et al. have reviewed the factors that might necessitate important changes in neonatal fMRI strategies. 55 The newborn brain has higher water content, lower macromolecular concentration and lower synaptic density than that of older children, and these differences might necessi tate changes in relaxation times for fMRI studies. www.nature.com/clinicalpractice/neuro of newborns, 9monthold infants and adults, and found significantly higher values within the neonatal group than in either of the other groups. These results have important implica tions for neonatal fMRI studies, and they indi cate that the echo time used for studies of infants should be considerably longer than the times used for older children and adults.
Sedation
A recent publication describing the NIH MRI study of normal brain development reviews the challenges of scanning nonsedated infants and young children. 56 Although some research studies permit sedation of this patient popu lation, who experience particular difficulties in adaptation and habituation to the MRI scanner, the effects of anesthesia on the interpretation of the BOLD response of the developing newborn brain remain largely unknown. 44 Yamada et al. reported only positive BOLD signal change in response to visual stimulation in infants under 6 weeks of age who were sedated with pento barbital, whereas Born et al. noted both negative and positive BOLD responses in a similar popu lation. 41, 57 Furthermore, the depth of this type of anesthesia has been shown to influence the BOLD signal from the visual cortex of typically developing young children. 58 Although several studies have demonstrated a change in functional BOLD signal between awake and anesthetic states in neonates, it is essential in studies of this kind to dissociate direct flow effects, which can change the coupling between neuronal activity, cerebral blood flow and cerebral blood volume, from neuronal effects. In older populations, the influence of anesthetics on BOLD depends not only on the specific anesthetic but also on the dose employed; furthermore, most published studies demonstrate decreases in BOLD signal with increases in the level of the anesthesia achieved. [59] [60] [61] [62] Finally, Heinke and Koelsch have suggested that these effects might be regionspecific. 60 
Intermagnet variability
An important factor that must be considered is the influence that the magnetic resonance imager itself might have on the data. Differences in the manufacturer, field strength and software and hardware capabilities might all influence the signaltonoise ratio, scaling, stability and detectability of the effect of interest. Multisite studies investigating scanner fluctuations have been performed for structural MRI, 63, 64 fMRI 65 and DTI. 66 Although intersubject noise dominates in most fMRI studies, 67 the signal tofluctuationnoise ratio can vary markedly across scanners, even with the same model from the same manufacturer. 65 These issues cannot be ignored when considering studies performed at multiple sites. 68, 69 Negative blood-oxygen-level-dependent signal Several studies in very young children have revealed negative BOLD signals throughout the developing brain. 41, 42, 44, 70 Born et al. reported negative BOLD signal in association with reduc tion of regional blood flow as determined by perfusion MRI, 71 and Meek et al. hypothesized that this might be attributable to an inability of the neonatal vascular system to respond to the need for increased oxygen demand. 72 Negative BOLD signal changes are observed in both visual and auditory processing regions, and as the infant matures the polarity of the activa tion signal changes. Furthermore, the age at which the signal changes differs according to the developmental stage of each cortical region.
It should be noted that the source of negative BOLD signal changes remains poorly under stood for all ages of study participants. Published potential sources for negative BOLD signal include the following: decreases in neuronal activity below traditionally recognized levels of spontaneous activity; [73] [74] [75] [76] changes in coupling between flow and metabolism secondary to alterations in blood vessel reactivity; 71 and the vascular steal phenomenon, in which blood is shunted from an inactive brain region to an active one. 77, 78 Finally, Raichle demonstrated that there are regions that show a consistent decrease in activation amplitude when indi viduals engage in specific tasks relative to a rest or fixation control condition. These regions have been termed the default mode areas-regions that are highly active when the subject is not engaged in a complex task. 75 
Analysis of functional MRI data
The signal changes observed on fMRI are typi cally very small, and sophisticated statistical analysis procedures must be performed to localize activations in individuals and to make population predictions on the basis of data from a group of trial participants. The preanalysis MENt AND cONStAbLE OctObER 2007 vOL 3 NO 10 www.nature.com/clinicalpractice/neuro steps often include motion correction, data normalization and removal of signal drift terms. All of these steps, if not correctly performed, can lead to the detection of spurious activations. To enable accurate developmental BOLD detec tion and assessment of changes over time within preterm populations, it will be vital to develop an appropriate common coordinate system, or statistical atlas, for neonates and children of differing ages. [79] [80] [81] [82] The main effects analysis for fMRI data is performed using a general linear model to generate beta coefficients, which can be tested against the null hypothesis in a grouplevel analysis. Corrections are made for multiple comparisons, typically with some form of cluster Figure 1 Blood-oxygen-level-dependent group difference maps (preterm minus term) at 12 years of age in a category language task for males (top row) and females (bottom row). This task is characterized by both positive and negative signal changes. Negative signal changes are shown in blue and violet; positive activations are shown in red and yellow. Male preterm individuals preferentially demonstrate positive blood-oxygen-level-dependent signal in the right language homologs to Broca's region (inferior frontal gyrus) and Wernicke's region (superior temporal gyrus), whereas preterm females do not. 
COvARIATES TO BE CONSIDERED
A number of factors must be controlled for when considering group studies that involve preterm infants, children and adolescents, including gestational age, sex, injury data, ventricular size, interventions and maternal education. Each of these factors is discussed briefly in the paragraphs that follow.
Comparison of groups of individuals must factor in gestational age. Gestational age is significantly correlated with both white matter volume measurements 22, 83 and fractional anisotropy as measured with DTI in preterm infants and children. 84, 85 Sex effects are demonstrated across a number of measures, including the response to indo metacin, 86 language organization as revealed by fMRI, 49 and white matter microstructural changes as indicated by fractional anisotropy. 87 Figure 1 demonstrates different activation patterns in a category task for male and female trial participants.
Morphological changes can influence the findings in fMRI studies. Decreased gray matter volume associated with hippocampal atrophy can lead to increased partial volume effects and secondary decreases in fMRI signal changes. In addition, cortical thickness differences have been demonstrated to influence fMRI signal change, and such changes have been shown to be sex specific 88 and to change with normal brain growth. 89 Preterm children often have multiple morphological changes including changes in ventricular size, and these can impact on regis tration methods, making regional compari sons between groups with different ventricular sizes difficult. 26 The influence of group regis tration differences from a common refer ence space might then propagate errors that span all measures, be it fMRI, morphological data or fractional anisotropy. Figure 2 shows a subtraction between preterm individuals with normal ventricular size and those with ventriculomegaly, to illustrate that intergroup anatomical differences might lead to erroneous BOLD subtractions.
Neonatal medical and environmental inter ventions should also be considered. As shown in Table 3 , we employed a passive listening task designed to activate phonological and semantic systems to test the hypothesis that neonatal indo metacin treatment would differentially affect brain activation across sexes in schoolaged, prematurely born children. These studies demon strated significant treatmentbysex effects in three regions: the left inferior parietal lobule, the left inferior frontal gyrus and the right dorso lateral prefrontal cortex. 86 higher relative white matter anisotropy in the treated group than in controls. 90 Maternal education has been shown to covary with brain volume and cognitive outcome in preterm infants, 25 and also with functional imaging of language processing 48 and measures of regional volumes reflecting cerebral development in the prematurely born. 26 Another important issue is that of perfor mance and its influence in fMRI studies. There is evidence for both increases and decreases in BOLD signal change as a function of behav ioral performance across a range of studies. For example, activation has been shown to vary according to whether the task is easy versus difficult. 91 In memory tasks, activation varies according to whether memory retrieval was successful versus unsuccessful, 92 and activation has been shown to vary as a function of visuo motor learning. 93 An open question is the issue of how to balance different groups-should they be equated in terms of effort required to perform a task (and if so, how is effort determined?), or the ability to perform the task (in which case the task might need to be simple for one group and more complicated for another to yield similar performance)? In the early stages of learning a task, there seems to be heightened activation associated with effort and novelty effects, and as subjects develop expertise in a task, the level of activation often decreases. There is also evidence, however, that specific expertise areas might arise that nonexperts do not activate. 94 Behavioral data are helpful to ensure that the participants are actually performing the task. Not all tasks are easily categorized in terms of behavior, however, and it is clearly not possible to relate all cognitive processes to reaction time and accuracy data. Evidence of different patterns of brain activation with the same behavioral data is found in our data and those of others. 49, 95 The opposite effect-marked behavioral changes without differences in the imaging data-can also be observed. 96 
CONCLUSIONS
The neurobehavioral sequelae of preterm birth is one of the major pediatric public health issues of our time, 3, [97] [98] [99] and emerging data suggest a dissociation between improving cognitive performance and longterm cere bral structural and microstructural changes in the prematurely born. Language and memory scores do not appreciably differ between preterm and term controls at adolescence, but volumetric and microstructural studies suggest marked changes in frontotemporal language systems and structures subserving memory in preterm groups. Although just beginning to be explored in this subject population, functional imaging could potentially provide important insights into the neurobiological mechanisms that support recovery from brain injury in the prematurely born.
It is well known that different brain regions mature at different rates, [100] [101] [102] and recent fMRI studies of healthy term control children suggest that the developing brain undergoes marked changes in functional organization with increasing age and skill. [103] [104] [105] fMRI studies of preterm infants demonstrate that auditory activation can be detected as early as the thirtythird week of gestation, and that detection of BOLD signal to visual stimula tion begins about termequivalent age. More importantly, depending on the patient popu lation and the age at which the individuals were studied, fMRI studies of language in preterm children at adolescence suggest a 'hyperfrontality' of response, such that BOLD signals classically expected in temporal regions are detected in the right frontal lobes, as shown in Figure 3 . Furthermore, both volumetric and DTI studies indicate relative vulnerability of the structures subserving language in the left hemisphere, and several authors have noted BOLD signal in response to phonological testing paradigms in the right frontal and temporal lobes. Similarly, although limited in number, fMRI studies of memory, attention and executive function suggest a predomi nance of righthemisphere BOLD responses and differing taskrelated neural systems in preterm adolescents when compared with matched term controls.
Numerous authors have shown that experi ence and function can cause structural altera tions in the developing brain, 90, 106 and recent data suggest that intervention strategies might also alter fMRI results. 107 As neuroscientists begin to develop a connection matrix of the human brain 108 and neurogeneticists identify the imaging patterns evoked by interactions between the environment and the genome, 109 it will be of both clinical and neurobiological importance to employ fMRI strategies to investi gate the adaptive mechanisms of the developing preterm brain. 
